ACL reconstruction in children: A transphyseal technique  by Lemaitre, G. et al.
WA
G
T
a
U
b
K
A
S
T
1
i
t
p
r
m
t
o
i
d
c
T
1Orthopaedics & Traumatology: Surgery & Research 100 (2014) S261–S265
Available  online  at
ScienceDirect
www.sciencedirect.com
orkshops  of  the  SOO  (2013,  Tours).  Technical  note
CL  reconstruction  in  children:  A  transphyseal  technique
.  Lemaitrea,  E.  Salle  de  Choua, V.  Pineaua, G.  Rochcongara, S.  Delforgea,  C.  Bronfenb,
. Haumontb, C.  Huleta,∗
Niveau 11, INSERM U1075 COMETE « Mobilité : Attention, Orientation & Chronobiologie », Département de Chirurgie Orthopédique et Traumatologique,
niversité de Caen Basse-Normandie, Centre Hospitalier Universitaire de Caen, avenue de la Côte-de-Nacre, 14033 Caen cedex, France
Service de Chirurgie Pédiatrique, FEH, Centre Hospitalier Universitaire de Caen, avenue de la Côte-de-Nacre, 14033 Caen cedex, France
a  r  t  i  c  l e  i  n  f  o
eywords:
nterior cruciate ligament
keletal immaturity
ransphyseal technique
a  b  s  t  r  a  c  t
The  annual  incidence  of  ACL  tears  is  increasing  steadily  in pediatric  patients.  Chronic  anterior  instability
causes  meniscal  lesions  at a  frequency  that  increases  signiﬁcantly  with  the injury-to-surgery  interval.
Conservative  therapy,  simple  suturing,  and  isolated  extra-articular  tendon  reconstruction  are  associated
with high  failure  rates.  Intra-articular  arthroscopy-assisted  tendon  reconstruction  is  a good  treatment
method,  although  several  different  techniques  have  been  described.  We  used  a transphyseal  technique
with  a hamstring  tendon  graft  to  treat  14 knees  in  13  patients  with  a  mean  age  of  13  years  and  7  months.
Mean  injury-to-surgery  interval  was  6  months.  Strict  compliance  with  technical  rules  is  required  when
using  this  technique.  Bone  tunnel  diameter  must  not  exceed  8  mm.  Bone  tunnels  must  be as  vertical
and  central  as  possible.  The  ﬁxation  material  must  not  bridge  the  physis  (at  the  femur,  cortical  ﬁxa-
tion;  and  at  the  tibia, ﬁxation  using  a resorbable  screw  no longer  than  25  mm  combined  with  a  staple).
Meniscal  lesions  were  present  in  half the  knees  and  meniscal  preservation  considered  mandatory.  Conser-
vative  treatment  of  concomitant  lesions  was  performed  routinely.  After  a mean  follow-up  of  15  months,
no recurrent  tears  or revision  procedures  for meniscectomy  had  been  recorded.  The  IKDC  grade  was
A or  B in 93% of  knees.  The  mean  subjective  IKDC  score  was 83.3  and  the Lysholm  score  was  in the
excellent  or  good  range  in  93%  of  knees.  Of the  14 knees,  2 exhibited  signs  suggesting  femoral  epiphys-
iodesis,  with  4◦ of  valgus  deformity  compared  to  the  contra-lateral  knee  and  no clinical  consequences.
Transphyseal  reconstruction  with  open  physes  conducted  in strict  compliance  with  technical  rules  can
be performed  to control  the  instability  and  preserve  the  menisci.  Nevertheless,  this  technique  carries  a
risk of epiphysiodesis,  chieﬂy  at the femur.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
The annual incidence of anterior cruciate ligament (ACL) tears
n young adolescents is rising steadily. This trend can be ascribed to
he increasingly early and intensive practice of sports that require
ivot movements of the knee. Rates ranging from 1% to 3.4% were
eported by Johnston et al. in the US [1], and Janarv et al. esti-
ated the incidence rate at 1/10,000 children [2]. The conservative
reatment of ACL tears in young athletes does not produce good
utcomes [3,4]. The risk of knee instability after an ACL tear is sim-
lar in children and adults [5]. Chronic anterior instability causes
amage to the menisci [3], particularly in patients who fail to
omply with recommendations to restrict their sporting activities.
he frequency of meniscal damage increases signiﬁcantly with the
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877-0568/© 2014 Elsevier Masson SAS. All rights reserved.injury-to-surgery interval [6]. Simple ACL suturing and isolated
extra-articular reconstruction are associated with high failure rates
[7]. Intra-articular reconstruction techniques designed to spare the
physes to the extent possible have been described [8–10]. Some of
these techniques are very demanding technically [8,9], while oth-
ers are not isometric [7,11,12]. Transphyseal ACL repair carries a
theoretical risk of epiphysiodesis.
Our objective was  to report the preliminary results of transphy-
seal ACL reconstruction with a hamstring graft (semi-tendinosus
and gracilis muscles) and to provide detailed information on spe-
ciﬁc technical aspects and complications.
2. Operative techniqueArthroscopy-assisted ligament reconstruction was performed
using a four-strand single-bundle hamstring graft (gracilis and
semi-tendinosus muscles).
S ology: Surgery & Research 100 (2014) S261–S265
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2.5. Rehabilitation programme
Weight bearing is resumed with two crutches on the day after
the procedure, depending on pain severity. A splint to keep the262 G. Lemaitre et al. / Orthopaedics & Traumat
.1. Installation
The patient is supine with a pneumatic tourniquet at the root of
he thigh. The knee is maintained at 90◦ of ﬂexion by a support at
he lateral aspect of the thigh and a wedge to block the foot.
.2. Graft harvesting
A 2- to 3-cm incision centered on the pes anserinus is made
 cm distal to the joint space and 2 cm medial to the anterior tib-
al tuberosity. The sartorius tendon is cut longitudinally along the
irection of the ﬁbers. A dissector is used to individualize the gra-
ilis and semi-tendinosus tendons, which are then harvested using
 stripper (Fig. 1). The tendons are folded into a four-strand single-
undle graft.
.3. Arthroscopic stage and treatment of concomitant lesions
The joint is explored arthroscopically, using an antero-lateral
ort for the arthroscope and an antero-medial port for the instru-
ents.
Meniscal lesions are treated conservatively. Lesions that are
ikely to heal, i.e., that are stable to the palpating hook [13,14]
nd smaller than 10 mm in size [15,16], are left in place. Unsta-
le lesions are sutured. The all-inside technique can be performed
sing standard meniscal suture devices (Fig. 2) or through a short
ncision using a single-strand polypropylene suture.
.4. Arthroscopic ACL reconstruction
After minimal inter-condylar notch preparation as needed using
 shaver and a curette, the tibial and femoral tunnels are cre-
ted according to strict rules. In skeletally immature patients, the
ransphyseal tunnels must be no greater than 8 mm in diameter
nd as vertical as possible, to minimize the physeal surface area at
isk for damage.
The tibial tunnel is placed as centrally and as vertically as pos-
ible to avoid damage to the anterior perichondral shell.
A pin is inserted using a non-speciﬁc ligamentoplasty tool angu-
ated at 60◦ and aimed at the residual ACL ﬁbers at the foot of the
CL (Fig. 3). Absence of impingement of the future graft on the roof
f the notch should be checked during gradual extension of the
nee with the pin in place (Fig. 4) [17]. The tibial tunnel is created
sing a drill bit of the appropriate diameter, with a slow rotation
peed to avoid overheating the physis.
Fig. 1. Harvesting of the ligament graft.Fig. 2. Arthroscopic view of all-inside meniscal suturing.
The femoral tunnel is created after an independent medial-to-
lateral aim, via the antero-medial approach, with the knee in tight
ﬂexion [18] to position the tunnel as vertically as possible. The pos-
terior edge of the roof of the notch should be identiﬁed. A burr is
used to make a mark on the lateral aspect of the notch, behind the
resident’s ridge [19] but at a sufﬁcient distance from the posterior
edge of the notch to avoid damaging the posterior perichondral
shell. The pin is inserted without the ancillary tool, at the site of
the mark created previously. A drill bit of the appropriate diame-
ter is then selected and used at a slow rotation speed to create the
femoral tunnel, with the knee tightly ﬂexed.
Fixation of the graft to the femur involves only the femoral cor-
tex. At the tibia, an absorbable screw combined with a staple is used
(Fig. 5). The screw should not be longer than 20 or 25 mm.  Care
should be taken not to bridge the physis. Fluoroscopic guidance
may  be helpful to perform the bone tunnels to avoid any damage
to the physis.Fig. 3. Tibial pin aiming for tibial tunnel placement.
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Fig. 4. Veriﬁcation of the position of the drill bit used to create the tibial tunnel.
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nterference screw that does not bridge the physis is used in combination with a
taple (double ﬁxation).
nee extended is recommended for 1 month between the reha-
ilitation sessions. Quadriceps reactivation is achieved gradually.
otion range recovery is limited at 60◦ of ﬂexion for 4 weeks then
0◦ until the 6th post-operative week.
At the end of the second month, proprioceptive exercises are
tarted. Sports resumption is very gradual and closely monitored.
traight-line running is started at the 4th month. In our experience,
he practice of pivot sports, during training sessions, is not allowed
ntil after the 9th month. Great care is taken regarding the return
o sports.
. Patients and method
We  used the above-described operative technique to treat 14
nees in 13 skeletally immature patients younger than 16 years
f age and having chronic anterior instability. All patients were
reated at the same centre by the same surgeon. The data were
ollected retrospectively.
Mean bone age at surgery was 13 years and 6 months (range, 11
ears to 15 years and 6 months) [20]. The injury-to-surgery intervalFig. 6. a and b: radiographs at last follow-up (antero-posterior and lateral views).
was 6 months (2, 11). The reason for ligament reconstruction was
an ACL tear in 85% of cases and residual instability after a fracture
of the anterior tibial spine in 15% of cases. Arthroscopic exploration
identiﬁed meniscal lesions in 7 knees (50%; 5 lateral and 2 medial;
male/female ratio, 1.33). Meniscectomy was not performed in any
of the patients. Of the 7 meniscal lesions, 5 (71.4%) were sutured
and 2 (28.6%) left in place.
The patients were re-assessed according to International Knee
Documentation Committee Form (IKDC) criteria with measure-
ments using a KT1000TM arthrometer [21], by an independent
evaluator. The subjective outcome was evaluated using the 2000
IKDC Subjective Knee Evaluation Form [22,23] and the Lysholm
score [24,25].
The radiographic evaluation (Fig. 6) included weight bearing
antero-posterior, schuss, and lateral views; as well as a skyline
view and a total-leg radiograph. The HKA angle was measured at
last follow-up on the weight-bearing total-leg radiograph of both
lower limbs. The HKA angles on the two  sides were compared to
evaluate the possible presence of epiphysiodesis. Tunnel position
was assessed according to Aglietti et al. [26].
The statistical analysis was performed using XLSTAT® software
(Addinsoft, Paris, France). The Mann-Whitney test was  chosen to
compare quantitative variables and Fisher’s exact test to compare
qualitative variables. The type I error  was set at 0.05 and P values
lower than 0.05 were considered signiﬁcant.
4. Results
Mean follow-up at last re-evaluation was 15 ± 6 months and
mean patient age at last follow-up was 15 years ± 14 months. No
cases of tear recurrence or revision surgery for meniscectomy were
recorded.
No patients reported giving way  or locking of the knee, but 14%
had anterior pain. The mean 2000 IKDC score was  83.3 ± 9.49 and
the mean Lysholm score was 94.8 ± 6.39, with 93% of knees hav-
ing an excellent or good result according to the Lysholm score.
The IKDC grade was A or B for 93% of knees. Residual differential
laxity as measured using the KT1000TM arthrometer at 134 N was
0.57 ± 1.39 mm (NS, P = 0.466) and was less than 2 mm for 79% of
knees. According to Aglietti’s criteria, all tunnels were well pos-
itioned. The mean Aglietti index was 0.71 ± 0.05 for the femoral
tunnel and 0.31 ± 0.05 for the tibial tunnel. The mean HKA angle
on the treated side was 181.1 ± 3.0◦ versus 180.5 ± 2.2◦ contra-
laterally. Evidence suggesting femoral epiphysiodesis was noted in
2 patients, a boy aged 13 years and 4 months at surgery (Fig. 7) and
a girl aged 11 years and 6 months at surgery (Fig. 8). Both patients
had 4◦ of valgus deviation compared to the untreated lower limb.
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Fig. 7. First case of suspected epiphysiodesis (+4◦ of valgus) in a boy aged 13 years
and  4 months at surgery and having normal knee alignment before the procedure.
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nd 6 months at surgery and having normal knee alignment before the procedure.
n both cases, the valgus was due to the femur. No evidence of tibial
piphysiodesis was noted in any of the patients. No factors respon-
ible for the 2 cases of epiphysiodesis were identiﬁed. Alignment
n the sagittal plane was unchanged.
. Discussion
The objective and subjective functional outcomes were satis-
actory, with 93% of knees graded IKDC A or B. These results are
omparable to those reported previously [10,27–30,9]. Our liga-
ent reconstruction technique ensures good control of stability.ntra-articular reconstruction is the only valid surgical treatment
or chronic anterior instability [7]. Arthroscopy allows highly accu-
ate intra-articular reconstruction, thereby diminishing the risk
f failure [31]. The creation of transphyseal tunnels carries a riskFig. 9. Growth disturbances after ligament reconstruction in skeletally immature
patients, according to Chotel [35].
of partial epiphysiodesis, particularly at the femur, resulting in
femoral valgus deformity [32,33]. The various physeal sparing tech-
niques described to date [8,11,12,28,34] are associated with other
complications (accelerated growth, epiphysis magna, and symmet-
ric slowing due to a tenodesis effect (Fig. 9) [35].
Surgical expertise is required to perform this procedure. Scrupu-
lous attention must be given to the technical rules:
• tunnel diameter must not exceed 8 mm;
• the tunnels must be as vertical and as central as possible in
order to minimize the percentage of growth-cartilage surface
area exposed to damage [36];
• strut bone grafts or interference screws that bridge the physis
must not be used [37,38].
The functional and radiographic outcomes are closely related
to the meniscal status. Meniscal lesions produced at the time of
the injury are usually located in the lateral meniscus. The medial
meniscus may  develop gradual damage due to repeated episodes of
giving way related to the chronic anterior instability. The frequency
of medial meniscal lesions increases signiﬁcantly after 12 months
[6]. In a study by Mizuta et al. of patients evaluated 3 years after con-
servative therapy, meniscal damage was present in 78% of cases and
meniscectomy in 65% [39]. Residual growth should be evaluated
using the Green and Anderson growth chart [40] and computed
tomography should be performed to look for physeal plate closure.
In patients with ACL lesions and residual instability, particularly
in the presence of concomitant meniscal lesions, it is important to
make a decision after obtaining informed consent from the patient
and parents or guardians. Reconstruction after growth completion
carries a high risk of meniscal damage requiring meniscectomy.
The transphyseal technique with open physeal plates, performed
in compliance with strict technical principles, can be used to con-
trol the instability and preserve the meniscal stock. Nevertheless,
this technique carries a risk of epiphysiodesis, particularly at the
femur.
Disclosure of interest
The authors declare that they have no conﬂicts of interest con-
cerning this article.
References
[1] Johnston DR, Ganley TJ, Flynn JM, Gregg JR. Anterior cruciate ligament injuries
in  skeletally immature patients. Orthopedics 2002;25:864–71 [quiz 872–3].
[2] Janarv PM,  Nyström A, Werner S, Hirsch G. Anterior cruciate ligament injuries
in  skeletally immature patients. J Pediatr Orthop 1996;16:673–7.
[3] McCarroll JR, Rettig AC, Shelbourne KD. Anterior cruciate ligament injuries in
the  young athlete with open physes. Am J Sports Med  1988;16:44–7.
ology:
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[G. Lemaitre et al. / Orthopaedics & Traumat
[4] Graf BK, Lange RH, Fujisaki CK, Landry GL, Saluja RK. Anterior cruciate ligament
tears in skeletally immature patients: meniscal pathology at presentation and
after  attempted conservative treatment. Arthroscopy 1992;8:229–33.
[5] Angel KR, Hall DJ. Anterior cruciate ligament injury in children and adolescents.
Arthroscopy 1989;5:197–200.
[6] Church S, Keating JF. Reconstruction of the anterior cruciate ligament: timing
of surgery and the incidence of meniscal tears and degenerative change. J Bone
Joint Surg Br 2005;87:1639–42.
[7] Seil R, Kohn D. [Ruptures of the anterior cruciate ligament (ACL) during growth].
Bull Soc Sci Med  Grand Duche Luxemb 2000:39–53 [In French].
[8] Robert H, Bonnard C. The possibilities of using the patellar tendon in
the  treatment of anterior cruciate ligament tears in children. Arthroscopy
1999;15:73–6.
[9] Bonnard C, Fournier J, Babusiaux D, Planchenault M,  Bergerault F, de Courtivron
B. Physeal-sparing reconstruction of anterior cruciate ligament tears in
children: results of 57 cases using patellar tendon. J Bone Joint Surg Br
2011;93:542–7.
10] Kocher MS,  Smith JT, Zoric BJ, Lee B, Micheli LJ. Transphyseal anterior cruciate
ligament reconstruction in skeletally immature pubescent adolescents. J Bone
Joint  Surg Am 2007;89:2632–9.
11] Brief LP. Anterior cruciate ligament reconstruction without drill holes.
Arthroscopy 1991;7:350–7.
12] Kocher MS,  Garg S, Micheli LJ. Physeal sparing reconstruction of the anterior
cruciate ligament in skeletally immature prepubescent children and adoles-
cents. J Bone Joint Surg Am 2005;87:2371–9.
13] Beauﬁls P, Bastos R, Wakim E, Cho SH, Petit-Jouvet C. Meniscal injury in
the plastic reconstruction of the anterior cruciate ligament. Meniscal suture
or  abstention. Rev Chir Orthop Reparatrice Appar Mot 1992;78:285–91 [In
French].
14] Saragaglia D, Tourne Y, Chamseddine A, Butel J. Meniscal sutures combined
with the reconstruction of the anterior cruciate ligament. Comparative results
between sutures of chronic and recent lesions: 102 cases. Rev Chir Orthop
Reparatrice Appar Mot  1990;76:170–6.
15] Pierre A, Hulet C, Locker B, Schiltz D, Delbarre JC, Vielpeau C. Outcome of 95
stable meniscal tears left in place after reconstruction of the anterior cruciate
ligament. Rev Chir Orthop Reparatrice Appar Mot 2001;87:661–8 [In French].
16] Weiss CB, Lundberg M,  Hamberg P, DeHaven KE, Gillquist J. Non-operative
treatment of meniscal tears. J Bone Joint Surg Am 1989;71:811–22.
17] Hulet C, Lebel B, Colombet P, Pineau V, Locker B. Traitement chirur-
gical des lésions du ligament croisé antérieur. In: EMC  Techniques
chirurgicales–Orthopedie–Traumatologie. Paris: Elsevier Masson SAS; 2011. p.
44–780. In French].
18] Locker B, Vielpeau C. Plastie intra-articulaire au tendon rotulien sous arthro-
scopie. Ann Orthop Ouest 1995:28–31 [In French].
19] Clancy W,  Arthroscopic ACL. reconstruction with patellar tendon. Orthop Clin
North Am 1985;16:181–9.
20] Bayley N, Pinneau SR. Tables for predicting adult height from skele-
tal  age: revised for use with the Greulich-Pyle hand standards. J Pediatr
1952;40:423–41.21] Anderson AF, Snyder RB, Federspiel CF, Lipscomb AB. Instrumented evalu-
ation of knee laxity: a comparison of ﬁve arthrometers. Am J Sports Med
1992;20:135–40.
22] Irrgang JJ, Anderson AF. Development and validation of health-related quality
of life measures for the knee. Clin Orthop Relat Res 2002;402:95–109.
[ Surgery & Research 100 (2014) S261–S265 S265
23] Irrgang JJ, Anderson AF, Boland AL, Harner CD, Kurosaka M,  Neyret P, et al.
Development and validation of the international knee documentation com-
mittee subjective knee form. Am J Sports Med  2001;29:600–13.
24] Lysholm J, Gillquist J. Evaluation of knee ligament surgery results with special
emphasis on use of a scoring scale. Am J Sports Med  1982;10:150–4.
25] Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament injuries.
Clin Orthop Relat Res 1985;198:43–9.
26] Aglietti P, Buzzi R, D’Andria S, Zaccherotti G. Long-term study of anterior
cruciate ligament reconstruction for chronic instability using the central one-
third patellar tendon and a lateral extra-articular tenodesis. Am J Sports Med
1992;20:38–45.
27] Bonnard C, Chotel F. Symposium : les lésions ligamentaires et méniscales du
genou de l’enfant et de l’adolescent. Rev Chir Orthop 2007;93(6 Suppl.):95–139
[In French].
28] Henry J, Chotel F, Chouteau J, Fessy MH,  Bérard J, Moyen B. Rupture of the
anterior cruciate ligament in children : early reconstruction with open physes
or delayed reconstruction to skeletal maturity? Knee Surg Sports Traumatol
Arthrosc 2009;17:748–55.
29] Courvoisier A, Grimaldi M,  Plaweski S. Good surgical outcome of transphy-
seal ACL reconstruction in skeletally immature patients using four-strand
hamstring graft. Knee Surg Sports Traumatol Arthrosc 2011;19:588–91.
30] Hui C, Roe J, Ferguson D, Waller A, Salmon L, Pinczewski L. Outcome of anatomic
transphyseal anterior cruciate ligament reconstruction in Tanner stage 1 and 2
patients with open physes. Am J Sports Med  2012;40:1093–8.
31] Aglietti P, Buzzi R, Giron F, Simeone AJ, Zaccherotti G. Arthroscopic-assisted
anterior cruciate ligament reconstruction with the central third patel-
lar tendon. A 5-8-year follow-up. Knee Surg Sports Traumatol Arthrosc
1997;5:138–44.
32] Koman JD, Sanders JO. Valgus deformity after reconstruction of the anterior
cruciate ligament in a skeletally immature patient. A case report. J Bone Joint
Surg Am 1999;81:711–5.
33] Liddle AD, Imbuldeniya AM,  Hunt DM.  Transphyseal reconstruction of the
anterior cruciate ligament in prepubescent children. J Bone Joint Surg Br
2008;90:1317–22.
34] Lipscomb AB, Anderson AF. Tears of the anterior cruciate ligament in adoles-
cents. J Bone Joint Surg Am 1986;68:19–28.
35] Chotel F, Henry J, Seil R, Chouteau J, Moyen B, Bérard J. Growth disturbances
without growth arrest after ACL reconstruction in children. Knee Surg Sports
Traumatol Arthrosc 2010;18:1496–500.
36] Mäkelä EA, Vainionpää S, Vihtonen K, Mero M,  Rokkanen P. The effect of trauma
to  the lower femoral epiphyseal plate. An experimental study in rabbits. J Bone
Joint Surg Br 1988;70:187–91.
37] Stadelmaier DM,  Arnoczky SP, Dodds J, Ross H. The effect of drilling and soft
tissue grafting across open growth plates. A histologic study. Am J Sports Med
1995;23:431–5.
38] Seil R, Pape D, Kohn D. The risk of growth changes during transphyseal drilling
in  sheep with open physes. Arthroscopy 2008;24:824–33.
39] Mizuta H, Kubota K, Shiraishi M,  Otsuka Y, Nagamoto N, Takagi K. The conserva-
tive treatment of complete tears of the anterior cruciate ligament in skeletally
immature patients. J Bone Joint Surg Br 1995;77:890–4.
40] Anderson M,  Green WT,  Messner MB. The classic. Growth and predictions of
growth in the lower extremities by Margaret Anderson, M.S., William T. Green,
M.D. and Marie Blail Messner, A.B. from the Journal of Bone and Joint Surgery,
45A:1, 1963. Clin Orthop Relat Res 1978;136:7–21.
